Six family genes are homologues of Drosophila melanogaster sine oculis, one of the homeobox genes essential for compound eye formation (5) . They are characterized by the presence of the Six domain and Six-type homeodomain in the encoded proteins, which confer specific DNA binding activity and function as transcription factors (12, 28) . In mammals, six members of the family have so far been identified (2-4, 7, 8, 10, 12, 13, 31, 32, 34, 41 ; for a review, see reference 14) . Each member of the family is expressed in a spatiotemporally regulated manner during embryogenesis. In mice, Six3 and Six6 are exclusively expressed in the developing forebrain and eyes (10, 22, 31, 40) . In contrast, Six1, Six2, and Six5 show relatively broader expression patterns (15, 32) . Six1 is expressed in the cranial and dorsal root ganglia, somites, otic and nasal placodes, branchial arches, limbs, Rathke's pouch, and nephrogenic cords (32) . Six2 is expressed in head mesenchyme, branchial arches, limbs, and some mesenchymal regions surrounding the gastrointestinal tract (32) . Six5 shows a broad expression in branchial arches, limb buds, telencephalon, eye, sclerotomes, and cartilages (15) . Such distribution suggests that these genes play specific roles in embryogenesis.
Overexpression and misexpression experiments showed that Six3 and Six6 genes are involved in forebrain and eye organogenesis (18, 21, 30, 48) . Consistently, SIX3 mutations cause holoprosencephaly, a severe malformation of the brain in humans (42) . SIX5 is located immediately downstream of the CTG trinucleotide repeats whose expansion causes myotonic dystrophy (3) . Downregulation of the gene was observed in myotonic dystrophy patients and is thought to be responsible for some of the symptoms of the disease such as cataracts (16, 44) . In agreement with this, Six5-heterozygous and -homozygous mutant mice develop cataracts (15, 35) .
Six4 was originally identified as a binding factor to the positive regulatory element of the Na ϩ ,K ϩ -ATPase ␣1 subunit gene (Atp1a1) (12, 38) . Immunostaining showed the presence of Six4 protein in some populations of neuronal cells in developing mouse embryos and developing retina (27, 29) . In adult mice, Six4 protein is localized in skeletal muscles, as demonstrated by gel retardation assay (37) . These observations suggest that this gene is involved in neurogenesis, myogenesis, and probably the development of other organs. In myogenesis, myogenin plays an important role along with other myogenic genes such as MyoD, Myf5, and MRF4 (33) . Promoter analysis with transgenic mice demonstrated that the MEF3 site in the promoter region is essential for myogenin expression (37) . Mouse Six1 and Six4 proteins are present in the developing somites in which myogenin expression is activated and bind to the MEF3 site in the myogenin promoter, as shown by gel retardation assay (37) . Furthermore, Six4 can activate the myogenin gene promoter alone or in synergy with the specific cofactor, Eya, through direct binding to the MEF3 site in cultured cells (28) . These results support the notion that Six4 is one of the genes that control myogenesis through activation of myogenin. In addition, Eya1, one of the specific cofactors of Six4, is implicated in branchio-oto-renal syndrome, a dominantly inherited disorder characterized by hearing loss and branchial arch and renal anomalies in humans (1) . Eya1-deficient mice lack ears and kidneys, and heterozygous mutant mice show hearing loss and renal anomalies, as seen in human branchio-oto-renal syndrome (46) . Because immunostaining showed the presence of Six4 protein in acoustic ganglia and otic vesicles (29) , it is possible that Six4 is involved in the development of the ear in association with Eya1. Nevertheless, the biological function of Six4 in development is not clear, due to the lack of natural mutants, knockout models, and overexpression experiments. To access the biological function of Six4, we generated Six4-deficient mice and analyzed phenotypic changes both in adults and in embryos. We found no apparent changes in morphology and expression patterns of some marker genes in Six4-deficient mice. Functionally, hearing ability was normal. The reason for the lack of phenotype in Six4-deficient mice and the possible compensation among Six family genes is discussed.
MATERIALS AND METHODS

Construction of Six4 gene targeting vector.
The complete murine Six4 locus was cloned from a 129/SvJ genomic library (Stratagene, La Jolla, Calif.) and partially sequenced, and the exon-intron organization was determined (34) . PCR mutagenesis using AmpliTaq Gold DNA polymerase (Perkin Elmer-Cetus, Foster City, Calif.) was performed to introduce a KpnI site immediately downstream of the initiation codon to allow the insertion of an in-frame lacZ gene, with the forward primer (9705; 5Ј-CAA AAG GAG GAG TCA CGT T-3Ј) and reverse primer (9706; 5Ј-CGG GGT ACC CTT TCC ATC CCA TTC TC-3Ј). The PCR products were sequenced with Sequencing Pro kits (Toyobo, Osaka, Japan). The targeting vector was constructed as follows. The lacZ fragment (KpnI-BamHI) from pCH110 (Amersham Pharmacia Biotech, Buckinghamshire, United Kingdom) was ligated to the 3Ј end of a 5Ј homology region (XbaI-KpnI; 5.1 kb), the PGKneobpA cassette (XhoI-PvuII) from pPGKneobpA (36) was ligated to the 5Ј end of a 3Ј homology region (SmaI-SalI; 2.5 kb), and the resulting two inserts were ligated together. Finally, the diphtheria toxin A cassette (XhoI-NotI) from pMC1DTpA (47) was ligated to the 3Ј end of the 3Ј homology region. The plasmid was linearized with SalI at the 5Ј end. In this construct, the homeobox and the Six homologous region, which together encode a specific DNA binding domain, were completely removed.
ES cell screening and chimeric mouse production. The linearized targeting vector (60 g) was electroporated (250 V; 500 F) into 10 7 E14-1 embryonic stem (ES) cells (19) , and transformants were selected with 250 g (active form) G418 (Gibco/BRL) per ml for 7 to 10 days. Homologous recombinants were screened by PCR as follows. The forward primer in the PGKneobpA cassette was 5Ј-CTC TAT GGC TTC TGA GGC GGA AAG-3Ј, and the reverse primer was 5Ј-GGC AAG GTC TGC TAG AAA CGG TAC-3Ј. PCR was carried out with LA Taq DNA polymerase (TaKaRa, Kyoto, Japan) for 35 cycles at 94°C for 1 min, 60°C for 2 min, and 72°C for 3 min in a volume of 36 l. Homologous recombination was further confirmed by Southern blot hybridization as follows: 15 g of DNA from PCR-positive clones was digested with BamHI (to confirm 5Ј homologous recombination) or SacI (to confirm 3Ј homologous recombination), electrophoresed through a 0.7% agarose gel, and transferred to Hybond-N ϩ membranes (Amersham Pharmacia Biotech). Hybridization was carried out with a buffer containing 5ϫ SSC (1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate), 2.5ϫ Denhardt's solution, 0.5% sodium dodecyl sulfate, 0.1 mg of heat-denatured herring testis DNA per ml, and radiolabeled probes specific to either the 5Ј or 3Ј restriction fragment (see below). Two ES clones that yielded hybridization bands of the correct size gave germ line chimeras by the aggregation method (26) . Once homologous recombination and germ line transmission were confirmed, mouse genotyping was carried out by PCR as follows. The forward primer in exon 1 was 5Ј-ACA TCA AGC AGG AGA ATG GGA TGG-3Ј. The reverse primer specific to lacZ in the mutant allele was 5Ј-CCG TAA TGG GAT AGG TTA CGT TGG-3Ј. The reverse primer for the wild-type allele was 5Ј-AGA AGT TCC GAG TGG AGT TGT ACC-3Ј. PCR was carried out with AmpliTaq Gold DNA polymerase for 35 cycles at 95°C for 58 s, 63°C for 28 s, and 72°C for 55 s in a volume of 9 l. The germ line chimeras were backcrossed to C57BL/6 mice. F 2 or F 3 mice were backcrossed to C57BL/6 mice or intercrossed, and the resulting founder mice were used in the following experiments. Mice were maintained under specific-pathogen-free conditions in environmentally controlled clean rooms at the Laboratory Animal Research Center, Institute of Medical Science, University of Tokyo, and the Center for Experimental Medicine, Jichi Medical School. The experiments were conducted according to the institutional ethical guidelines for animal experiments and safety guidelines for gene manipulation experiments.
Northern blot analysis. Total RNA was extracted with Isogen (Nippon Gene, Tokyo, Japan) from adult tissues or embryos, electrophoresed through a 1.2% denatured agarose gel containing 2.2 M formaldehyde, and transferred to Hybond-N ϩ membranes (Amersham Pharmacia Biotech). Hybridization was carried out under the same conditions used for Southern blot analysis described above.
Preparation of probes. For Southern and Northern blot analyses, 25 ng of the following DNA fragments was used to synthesize 32 P-labeled probes with a Megaprime DNA labeling kit (Amersham Pharmacia Biotech): 0.6-kb BamHI-HindIII fragment 1.8 kb upstream of the 5Ј end of the 5Ј homology region (for the 5Ј probe in Southern analysis), a 0.8-kb KpnI-XbaI fragment immediately downstream of the 3Ј end of the 3Ј homology region (for the 3Ј probe in Southern analysis), a 2.3-kb XhoI-XbaI fragment of mouse Six4 cDNA (SM type, for Six4) (12), a 0.7-kb PstI-PstI fragment of Six1-LZ8 (for Six1) (32), a 1.1-kb EcoRI-Sau3AI fragment of pfSix2 (for Six2) (28), a 2.4-kb NotI-BglII fragment of pfSix5 (for Six5) (28), a 2.2-kb NcoI-NcoI fragment of rat Atp1a1 cDNA (for Atp1a1) (9), a 1.5-kb EcoRI-EcoRI fragment of pEMSV2␣-MGN (for myogenin) (45) , and a 0.8-kb fragment amplified from mRNAs extracted from HeLa cells by reverse transcription-PCR using primers 5Ј-TGGTGGGAA TGGGTCAGA-3Ј and 5Ј-AGGGAGGAAGAGGATGCG-3Ј (for ␤-actin).
X-Gal staining of mouse embryo. Embryos were removed from the uterus in ice-cold phosphate-buffered saline (PBS). Genotyping was carried out by PCR using DNA extracted from yolk sac. For whole-mount staining, embryos were fixed in the fixing solution (1% formaldehyde, 0.2% glutaraldehyde, and 0.02% Nonidet P-40 in PBS) on ice for 30 min, washed twice in PBS at room temperature for 30 min, and then stained in the 5-bromo-4-chloro-3-indolyl-␤-D-galactopyranoside (X-Gal) staining solution [1 mg/ml X-Gal, 5 mM K 3 Fe(CN) 6 , 5 mM K 4 Fe(CN) 6 , and 2 mM MgCl 2 in PBS] at 30°C overnight. After being stained, embryos were washed and stored in PBS at 4°C. For sections, embryos were embedded in freezing medium and frozen on dry ice. The embedded embryos were sectioned at a 30-m thickness at Ϫ15°C. Each section was transferred onto a silanized slide, allowed to dry, and fixed in a fixing solution (0.2% glutaraldehyde, 2 mM MgCl 2 , and 5 mM EGTA in PBS). After being washed three times in a washing solution (2 mM MgCl 2 , 0.01% sodium deoxycholate, and 0.02% Nonidet P-40 in PBS), each section was stained in the X-Gal staining solution as above.
Hematoxylin-eosin staining. Skeletal muscles of the hindlimb of wild-type and Six4-deficient mice were fixed in 10% formalin. After being washed with water, fixed samples were dehydrated by sequentially increasing concentrations of ethanol, cleared in xylene, and then embedded in paraffin. The embedded samples were sectioned at a 5-m thickness, and each section was transferred onto a slide, dewaxed in xylene, rehydrated by sequentially decreasing concentrations of ethanol, stained in hematoxylin solution [0.1% hematoxylin, 5% K 2 Al 2 (SO 4 ) 4 , 0.02% NaIO 3 , 5% chloral hydrate, 0.1% citric acid, and 20% glycerol] for 15 min, and differentiated in water. Then, the sections were counterstained in eosin solution (0.25% eosin Y, 0.55% acetic acid, and 60% ethanol) for 30 min; differentiated sequentially in 70, 80, and 90% ethanol solutions; dehydrated in absolute ethanol; cleared in xylene; and coverslipped.
In situ hybridization. Embryos were removed from the uterus in ice-cold PBS. Genotyping was carried out by PCR using DNA extracted from yolk sac. For whole-amount in situ hybridization, embryos were fixed in a fixing solution (4% paraformaldehyde in PBS) at 4°C overnight. After being washed twice in PBT (0.1% Tween 20 in PBS), embryos were dehydrated by being washed sequentially in 25, 50, and 75% methanol solutions in PBT and 100% methanol and then rehydrated by being washed sequentially in 75, 50, and 25% methanol solutions in PBT and then in PBT alone. After being bleached in 6% H 2 O 2 in PBT for 1 h, embryos were treated in 10 g of proteinase K per ml in PBT for 15 min, washed with 2 mg of glycine per ml in PBT and in PBT alone, and refixed in 0.2% glutaraldehyde and 4% formaldehyde in PBT for 20 min. After being washed in PBT, embryos were prehybridized in a prehybridization buffer (50% formamide, 5ϫ SSC [pH 5.0], 50 g of yeast tRNA per ml, 1% sodium dodecyl sulfate, and 50 g of heparin per ml) at 70°C for 1 h and then hybridized in a hybridization buffer containing 1 g of digoxigenin (DIG)-labeled antisense RNA probe (see below) at 70°C overnight. After being washed, embryos were treated twice in 100 g of RNaseA per ml in 0.5 M Tris-HCl (pH 7.5) and 0.1% Tween 20 at 37°C for 30 min, followed by blocking in 10% fetal calf serum in TBST (0.14 M NaCl, 2.7 mM KCl, 25 mM Tris-HCl [pH 7.5], and 0.1% Tween 20) for 90 min. Then, embryos were treated in TBST containing 1% fetal calf serum and alkaline phosphatase-labeled anti-DIG antibody (Boehringer GmbH, Mannheim, Germany) at 4°C overnight. After being washed in TBST and NTMT (100 mM NaCl, 100 mM Tris-HCl [pH 9.5], 50 mM MgCl 2 , and 0.1% Tween 20), embryos were stained in NTMT containing nitroblue tetrazolium and X-phosphate (Boehringer). Frozen sections (10-m thick) were cut on a cryostat and attached to slides coated with Vectabond reagent (Vector Laboratories, Burlingame, Calif.). Samples were treated with proteinase K (1 mg/ml) at 37°C for 10 min, refixed in 4% paraformaldehyde, and hybridized overnight with the DIG-labeled RNA probe. The hybridized mRNA was detected by alkaline phosphatase-conjugated anti-DIG Fab fragments (Boehringer) according to the procedure described by Wilkinson (43) . DIG (Boehringer)-labeled antisense RNA probes were prepared from the following linearized plasmids with DIG RNA Labeling mixture (Boehringer) and T3 or T7 RNA polymerase according to the instructions provided by the manufacturer: pKSMGN1, which contains a 1.5-kb EcoRI-EcoRI fragment of pEMSV2␣-MGN in pBulescript KS(ϩ) (for myogenin) (45); pKS-ngn1/E2 (for NeuroD3) (23); mouse NeuroD1 pSK P/P350#5 (for NeuroD1) (25) ; and pSK, which contains a 630-bp PstI(1545)-PstI(2175) fragment from Six4 cDNA SM type (for Six4) (12) .
ABR. Hearing was assessed by recording auditory brainstem response (ABR) as described previously (39) . Acoustic stimuli, consisting of tone bursts at frequencies of 10, 20, 30, and 40 kHz, with a rise-and-fall time of 1 ms, a 5-ms duration, and repetition every 70 ms, were delivered to each mouse with a sound stimulator (DPS-725; Diamedical System) and a speaker (PT-RIII; Pioneer) in an open field. A microcomputer (Synapac 1100; NEC Sanei) was used to analyze the response. For each time point, 500 responses for each mouse were recorded and filtered for bandwidths of 100 to 3,000 Hz.
RESULTS AND DISCUSSION
Generation of Six4-deficient mice. To inactivate Six4, an in-frame ␤-galactosidase (lacZ) reporter and a neomycin-resistant cassette (neo) were introduced for monitoring the expression of endogenous Six4 and for positive selection, respectively, which replaced the Six homologous region and the homeobox in exon 1 (Fig. 1) .
No obvious phenotype was apparent in heterozygous mutants. When heterozygous mutants were intercrossed, wildtype offspring, heterozygotes, and homozygotes were born according to the Mendelian rule ( Table 1) . The heterozygotes and homozygotes had a normal appearance, and both male and female homozygotes were fertile.
In our targeting strategy, exon 3, which encodes a transcriptional activation domain (12) , was left intact. To confirm that exon 3 was not transcribed irregularly to produce aberrant Six4 molecules with some activity, Northern blot analysis of the total RNA from embryonic day 11.5 (E11.5) whole embryos ( Fig. 2) and from adult skeletal muscle (data not shown) was performed, using a probe that covered the 3Ј part of exon 1, exon 2, and the coding region of exon 3. The amount of Six4 transcripts was proportional to the gene dosage, and in homozygous mutants, no Six4 transcripts of correct size or irregular transcripts were detected. Thus, we concluded that the Six4 gene was functionally inactivated in the targeted allele. Expression pattern of Six4 lacZ in heterozygous mutant embryos. So far, Six4 expression has been analyzed by immunostaining, gel retardation assay, and Northern analysis in restricted areas of embryonic tissue and at restricted stages of development (12, 27, 29, 37) . To analyze the expression pattern of Six4 during the entire developmental process, X-Gal staining was performed on heterozygous embryos (Fig. 3) . Six4 lacZ expression was detected in various ganglia, somites, nasal and otic placodes, branchial arches, and several other tissues, as summarized in Table 2 . To our knowledge, this is the first comprehensive analysis of the Six4 expression pattern in mice. In a previous report, Six4 protein was detected mainly in the cranial and dorsal root ganglia by immunostaining (29) . This is probably because of the higher level of expression of Six4 and/or a higher number of Six4-expressing cells in these ganglia than in other sites in which X-Gal staining was confirmed in our heterozygous mutant embryos.
In chickens, Six4 is expressed in a pattern similar to that of mouse Six4, although chick Six4 is expressed in additional tissues such as the optic placodes and motoneurons in the spinal cord (6) . Moreover, in zebra fish two orthologues of mammalian Six4, Six4.1 and Six4.2, exhibit essentially the same expression pattern with mouse Six4 in combination (17) . Thus, the Six4 expression pattern is essentially conserved through vertebrate evolution. In addition, the expression pattern of Six4 in the mouse was strikingly similar to that of Six1, except in the head region at E8.5, immediately after the onset of their expression (Six4 in surface ectoderm outside the neural folds; Six1 in head mesenchyme) (Fig. 3A) (32) . Because Six1 and Six4 are located in tandem on mouse chromosome 12 (H. Ozaki, unpublished data), these two genes might share common cis-regulatory elements. Alternatively, cis-regulatory elements that control the expression of each gene might be well conserved between these two genes, although their protein structure itself was different in that Six4 protein, but not Six1 protein, has a large C-terminus region containing a transactivation domain (12, 32) .
Eya1 and Eya2, the putative coactivators of Six4 and other Six family genes, are expressed in an extensively overlapping pattern with Six4, for example, in cranial ganglia, cranial placodes, and somites, indicating the possible interaction of Six4 with Eya1 and/or Eya2 in these organs, as shown by transient transfection assays (28) .
Hearing ability in Six4-deficient mice. Six4 showed overlapping expression with Eya1 in the otic vesicle and in the acoustic ganglion (11) . Considering the functional cooperativity between Six4 and Eya1 in target gene activation (28), we suspected that Six4-deficient mice might have hearing defects. However, hearing ability was normal in Six4-deficient mice as tested by ABR (Fig. 4) .
Morphological analysis and X-Gal staining of Six4 homozygous mutant embryos. Six4-deficient mice seemed normal in appearance and in anatomical aspects after birth. We then assessed the morphological abnormalities in Six4 homozygous mutant embryos, focusing on the sites of Six4 lacZ expression. We compared the expression pattern of Six4 in heterozygous and homozygous mutant embryos by X-Gal staining. The overall expression pattern was the same except that staining was stronger in homozygotes than in heterozygotes, probably reflecting the gene dosage (data not shown).
Expression of putative targets of Six4 and markers for somites, muscle, and cranial and dorsal root ganglia. Because Six4 was previously reported to activate the myogenin promoter through the MEF3 site (28, 37), we analyzed the expression of myogenin by in situ hybridization. The staining pattern was exactly the same in wild-type and Six4-deficient embryos (Fig.  5A to D) . Furthermore, Northern analysis revealed that the myogenin expression level was similar in wild-type mice, heterozygotes, and homozygotes (Fig. 2) . In accordance with these findings, skeletal muscles of adult mice ( Fig. 5E and F) embryos at E16.5 (data not shown) of each genotype were normal as tested by hematoxylin-eosin staining.
The cranial and dorsal root ganglia are also major sites of Six4 expression, and therefore we analyzed the expression of specific molecular markers in these ganglia. In situ hybridization for NeuroD3 (neurogenin1) (24) (Fig. 5G and H) and NeuroD1 (neuroD) (data not shown) (20) revealed no difference in the expression pattern between wild-type and homozygous mutant embryos (strong staining in the telencephalon of the homozygous mutant embryo was not reproducible).
We also assessed the effect of loss of Six4 on Atp1a1 expression. As shown in Fig. 2 , the expression level of Atp1a1 was not altered. It has been shown that the regulatory region of Atp1a1 is composed of multiple elements, but no single element mutation reduced the expression of the gene, at least in several cultured cells (38) . As such, although compensation by other Six proteins may exist, the presence of several other binding factors may be sufficient to activate the promoter up to the normal level.
Compensation among Six genes. Compensation among Six genes is the most likely explanation for the lack of morphological and functional abnormalities and changes in marker gene expression in Six4-deficient mice. Of the six Six genes identified, Six3 and Six6 are expressed in restricted areas of the forebrain, in which Six4 is not expressed (10, 22, 31, 40) . Six3 has a different DNA binding specificity and is unable to coop- FIG. 4 . ABR thresholds in wild-type and Six4-deficient mouse ears. Data are mean threshold Ϯ standard deviation of five wild-type and five Six4-deficient mice at 7 to 9 weeks of age. The result shows that hearing function determined by ABR is normal in Six4-deficient mice (repeated-measure analysis of variance test; P Ͼ 0.05).
FIG. 5. Expression of marker genes for somite-myotome (myogenin) and neuronal cells (neuroD3) in wild-type (A, C, and G) and Six4-deficient (B, D, and H) embryos. E11.5 (A and B) and E12.5 (C and D) embryos were analyzed for myogenin expression by in situ hybridization. Adult skeletal muscles of wild-type (E) and Six4-deficient (F) mice were also analyzed by hematoxylin-eosin staining. The expression of neuroD3, one of the neural marker genes, in E11.5 embryos was also analyzed by in situ hybridization (G and H). For both probes, the pattern and intensity of the staining were not different between wild-type and Six4-deficient embryos.
erate with Eya (13, 28) . Thus, it is not plausible that Six3 and Six6 compensate for Six4 function. On the other hand, Six1, Six2, and Six5 proteins share a DNA binding specificity with Six4 protein (13, 28, 37) . Six1 shows mostly the same expression pattern with Six4 (32), and Six5 mostly resembles Six4 with respect to the molecular architecture with its large C-terminal portion and overall amino acid sequence similarity (13, 14) . Thus, these two members are the probable candidates to compensate for the loss of Six4. To gain insight into the compensation mechanism, the expression of Six1, Six2, and Six5 in Six4-deficient mice was analyzed by Northern hybridization. The expression levels of these genes were not altered among different genotypes (Fig. 2) . This finding suggests that the normal expression levels of Six1, Six2, and Six5 are sufficient to compensate for the loss of Six4 and to activate common target genes.
Similarly, the Six5-deficient mouse manifests limited phenotypes such as a higher rate of cataract formation (15, 35) , compared to the relatively broad expression of Six5 (15), suggesting compensation for the loss of Six5 by Six1, Six2, and/or Six4 in these tissues. Because of such compensatory mechanisms among Six1, Six2, Six4, and Six5, knockout mouse models deficient in a single Six gene are unlikely to contribute to our understanding of their biological functions. Generation of Six1-Six4 and Six4-Six5 double knockout mice should allow us to understand the compensation between them and the biological function of Six4. Nasal and otic placodes, cranial ganglia, branchial arches, somites (dermamyotomes and sclerotomes), AER E10. 5-11.5 Nasal pits, otic vesicles, cranial ganglia (V, VII-XI), dorsal root ganglia, branchial arches, somites, myotomes, limb mesenchyme, AER, notochord, mesonephros E12.5-E13. 5 Skeletal muscles, mesenchyme in limbs and digits, nasal epithelium, inner ear Adult Skeletal muscle, nasal epithelium, cochlea, parathyroid, salivary gland a AER, apical ectodermal ridges.
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